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CALCULATED PROTON-INDUCED THICK-TARGET NEUTRON

AND RADIONUCLIDE YIELDS FOR E, <100 MEV

W. B. Wilson , E. D. Arthur, M. Bozoian, R. T. Perry and P. G. Young

~.os Alamos National Laboratory, P.(). Box 1663. Los Alamos, NM S7544

ABSTRACT

Earlier proton-induced thick-target yield calculations have been extended in proton rn-

ergy range and to additional target elements, using the proton stopping cross section dala of

Anderson and Ziegler and cross sections modeled with the GNASH code. The targets now

rtescribd include Be, C, O, Ne, Al, Si, Fe. Co, Ni, Cu. W, Pb and Bi. Thick-target yit’hls

are presented for these thirteen targets, with most extending to 100 .McV.

INTRODUCTION

The thick-target yields of neutrons and radioactive reaction products resulting from pro-

ton bombardment have been measured at few combinations of proton energy, target and

reaction product. Such yields can be calculated with prcton stopping data and reaction

cross sections, but measured cross sections are available at only a few ●nergies and for a few

combinations of target and product. In earlier work we have calculated thick-target yi~kls

of partic]ea and reaction products lnducmi by protons below 50 MeV on various targets, ”z

usjng cross sections obt,ained with the GNASH nuclear model code. n” Theqe calculations in-

rluded that of aggregate neutron spectra producal in such reactions, and these were recently

~xtended to 75 MeV. s We have now ●xtmded the yield calculations to include targets of Ih=,

Pb and Eli. Mow of the targets ar~ now dmcribed to 100 WV.

TI{l(” K-TARGET YIELDS

‘rhe thick-target yield of proton raction products can be calculated using the l)r~)(i)ll

qtopping dala of Anderson and Zieg]erfi with measured or rno+lml proton energy-(1[”11(’11(1~’llt

{.rms section funrtlong, ‘rlw rxpressiolls asscxiatmf with this calculation Ila%e been (It’vt’lol)ul

(Ilscw})err (or mirl(l(lr~ thick-target yi(~lds .‘ Ttie mntral dfort amm-iatml with this work IS
Ihe calrula:irm [~f ~nmgy d~p+ndrnt proton rraction cross wwtionrr wltll t IIF ( ;.%ASII cIJtlr



‘?Al(p.x)22Xa cross section with the measured data of IIintz am-l Ramseylo d off ;ri~lt(’r. ”

Thew comparisons suggest an uncertainty in calculated cross section dala of pmhqs a k.c-

tor of three for the entire range of targets. products and proton enqy. Most rcacthn rro+s

sect ions arc cxp *cted to be much better, and surd-y some a Ye worse.

REsl”Lrs

The cross wwt ions calculated wirh (; S.4SH were qrmped by t mget +rnrmt, ;In~l Ihii”h-

target yields wme ralculatmi for protons on each rlc=ment IIsing [hv natural al)’ Indanrrs l)i

each stable isotope; for the c’i(~ments (), Si. Fe. Xi. \V and Ph. abundances of th~ iso[opvs for
.

whirh cross sections were calculated were renormalia=cl from t hrir rdaLiv~ almndanrrs, !n

all. yields for gome 6S/3 combinations uf +mental tarqet and produrt particl~ or nurlidc wrw

calculat,>d cm a grid of proton rnmgies. For th~ purpw= O( this paper. yields to fi!l st,il~l,’

product nuclidm and to all particles other than lliWLrOtI!i were mnowd from tIw [alml.ltr(l

yirlds; howevm. yi4ds of other partichw and stable product nr.dides w~re retainrd And arr

availahlr upon request.

“Ile thirk-targrt yields calculated for protons inrirknt on the thirtcwn dtmems liitcvl

abow for the protiurtion of neutrons and rariionuclih are given in Taldm 1 - 13 ~l~r !.s[)

rombinat ions of target vlpmcnt and product. The tahlm, in gmmral, Ii:+t calrlllatml yirh]s

at W, 40. (iO. SO and IO(I \leV. Because the cross s=tions used in three ralcula[iims :4) m)l

extend to 100 \ffV for al] targ~ts ronsiderml, thirk-targ.~t yirhls roulr.i not he riill”tll.i!WIAL
all mwrgia fnr all targets. Tablr mllrim of -n/c — mrt’givrn for targrt-mwrqy ronlhi,lal itllls

not ralculatud.

The unrertaintia asaoriated with th=e calculat~d yirlds am mtimatml at a factor of

thrtw -- that awmriatwl with t hi’ llnm’rt ainti~ of tlw calculated rrow w-t ions as +Iiggmtiwl

in 1IIF (xmparm.ms of Figurm 1 4.
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Table 2

Protons m C Tnfck-Target Raa!onucl!de Vielas

Irrc~dent Vrotan Energv
90 40 Mev uev E19 MeV

7%+%3 2.61E-oj
1.30 Mav

1 15E- d~ ~.29E-U2 3.9fE-oi
o.
6.36E-09
o.
0.
0.
2.30E-0~
o.
0.
3.
0,
0.
c.
1 ?5F.03
0.
0.
c.

0.47E-14
f .09E-05
3.80E-!5
c.
3.92E-08
3.a6E-03
4 00E-OS
0.
~

o.
- p,~.:a
: ‘lE-04
4 a4E-03
q 3~.1.06

2.56E-10
o

2.06E-G5
3.99E-05
i .22E.06
1.76E-10
a.2oE-c5
6.lSE-03
1,46E-06
“ .OEE-09
:,?aE-!E
0.
“.12E-05
3. 14s-03
7.93E-03
A.05E-05
~.O~E-07

o
C. i 9.<:E-C:
o. 3 !IE-05 : 60E-Od
1,15E-C3 : oaE-o: 3.29E-03

:9E-11 # ?zE-~ 7.76E-06
; c. 0.
0. 0 II.79E-10
o 3 d4E-36 1.42E-u4
: 134[-c5 : ?GE-03 - 00E-03

1.51E-04
1.asE-04
!.26E-05
2.24E-oa
3. ?9E-04
7.20E-Q3
0.a8E-06
5.73E-07
3 06E.fG
4.33E-10
?.57E-05
5.4aE-c3
1 14E-02
, 14~-,>&
9,70E-D7
4 R4E-!2
: 05E-C5
7 !4E-M
4 C7E-03
1 02E-05
a 45E-!:
4 P5E-07
3.E7E-04
1 L)4E-C2
- C14~-IJ%
4 74E-(15
II 16E..:,4

Protong on @ Tnlcb-Target RaQ!onucllcIe VIOIUS
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Proauc t
c 9
c 10
c !1
c 14
N 11

,-Ni
N 13
3 13
0 Id
Q 15
F 15

PPoauc T
FmJt ron
H
[.

i
B
B
c
c
c
c
c
c
c
N
N
N
N
N
N
N
9.
0
0
0
0
F
F
F
F
F
F
No
N-
?,9
w
Na
Na
Na
Na

TaDlo 4

PrcTons an Ne Th!ck-Target Radlonucl lae Yields

Incident Proton Enmrav
2< Mev :C Vev 60 Mev 80 Mev ICC Meti

1.95E-04 2.30E-0~ 8.08E-03 1 .60E-02 69E-02
1.14E-05 1.41E-04 8.60E-04 2.07E-03 3:96E-03
c. 1.3TE-06 3,13E-05 2.87E-04
0.
0.
0.
0.
0.
0.
3 OBE-12
o.
0.
0.
0
(2.
o.
2 55E-05
o
c.
0,
G,
c.

o
1 ,03E-04
l,OIE-05
- 4:E-C)S
;,91E-08
c
0,
c
3 28[-05
c,
0,
0
8.54!-07

J,r.o*on3 or

2.40E-11
2.51E-16
0.
0.
1,!5E-11

5.69E-07
4,83E-05
1,05E-I!
c.
o.
0.
G.
! 31E-07
2 76E-04
: 55E.~6

1 32E-06
o
0.
c.
!r 35
!: ~3
24 JE
4,5AE-07
6.20E-10
7 02E-05
f 213E-04
3 7BE-04
:.06E-C5
8 09E-06
o
c.
3,7![-!75
9 54E-134
~

9 66k-C17
;-[-~llg

~ 4Y5-’.>5

1.76E-07
2.BOE-08
1,79E-16
o.
4,96E-06
1.WE-04
3,19E-04
2.35E-07
a, 16E-OE
4.40E-18
o
7 59~-,35

3.32E-C5
5 80E-C4
5.22E-05
1 61E-05
a 72E- :0
~ 63E-10
2,63E-OS
! 66i-c14
5.3SE-03
1 3BE-06
:.91E-06
3.99E-06
2.27E-04
2 26E-0~
1 21E-G3
+::i.oi
I a6E-05
1 g~E.11

9 lAE-G~
! S!E-@&
2 c’E-03
2 C2F-C)9
5 E9E-06

!,ll-la 5

1, 18E-04
4,7BE-06
5,7EE-07
2.39E-11
1.6BE-11
4.99E-05
4.53E-04
7.66E-04
4.27E-06
6 S4E-07
3,27E-11
~ 03:-lf
9. E7C-07
1 ,45E-04
1.!5:-(33
1.13GE-04
4 @!E-05
4.15E-08
f i7E-OE
~ PeE-(36
3 fJ6E-04
6.7AE-03
3,70E-06
5,31E-06
1 33E-05
3 56E-04
3 27E-04
? E14E-fJ3
6 75E-C5
2.70E-05
7 .:lE-09
3 d~f-~~

: 96E -(JA

2 F2E-03
5.36E -08
9 71[-06
. 4{JE -0-
2 \14E -(:C

(8

(1

(;

2,98E-05
3.02E-06
5,0-E-09
7,59:-10
1,-2E-C4
l,llF-(J3
1 35E-C13
2.02:-05
2.24E-06
2.56E-09
3,24E- ICI

!aE-clli
3.92E-04
1.94E-03
3 ?!:-’;~
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0
cl.
0,
0.
0,

::
c.
c.
0.
0,
(2.
0.
0.
0,
0.
0.
c,
0.
0.
0.
0.
6.
0.
0.
c.
0.
0,
0.
0,
0.
0.
2.38:-C?
0,
c
c.
-.<9E-!l.

3.30E -04

0.
c.
I .30E-C7
o.
(2,
,-b.
3.
. .
..

,;
.I.33E-C9
2. ’3! E-O7
o.
2. L14E-!0
c!.
o.
0.
0.
9.91 E-14
1 .34 E-06
o.
7.08E-12
o.
0.
c.
! C5E -05
A 59E -04
5.99E -06
1 llE OS
----

3.

c1

6. 12 E-07
z.5! E-04
0.
,-’.
.,~5~-c-

2.6~E -04
3 4EE-G3
5.
G 3!E-!~
~ .71 E-05

G,
2.62 E-07
3.35 E-C5
4.21 E-10
1 .9- E-(3C
o.
@

L

9 65 E-05
d.6! E-25
1 .35 E-04
~,~:~-~~

1,cJ3E -05
7.94E-14
1.12E-10
o.
1.02E-12
‘7. 19E-06
3.49E-05
2,28E-06
2.17E-06
!3
:.31E-13
1 .46E-06
2.41E-04
2.77E-03
3.20E-04
1 .09E-04

o.
5.53E-OI3
1 .5eE-05
5.O?E-O-i
@.
5 37E-C!13
8.3SE-C6
1 .25E-133
6,:9E-C3
7.33E-lL)
3 C)EE-C~
1 ,7sE-G4

1 c5E-”cl
1,4:E-J5
Q s~E-,~<

- - ~ - ,j~4,-1.
2.52!-36
:,g~:-1:
4.55E-!.
c
~ ~3:.:?
5 ,;~-:6
7 43~.1;4

; e5E-3~
1,.3E-34
4.70!-05
3.07E-07
1.36E-07
1.25E-12
2.42E-O-
6.81E-05
1 37E-04
2.56E-C5
8.96E-06
3,33E-:7
3.16E-C7
f .139E-05
6.06E-9A
4 99E-03
8.05E-04
1 ,?OE-04
5. 14E-09
1.07E-06
4 43E.05
7 *9E-@:
4,66E-10
. “3E-06
2.08E-105
2 c!5E-c3
, ! 1E -,:2
~ 93E-oe
3.45E-06
B.45E-04

Protons on SI Tn!ck-Targm~ Raalonucl!am V!alds

!.63E-C-
S.22E-C!5
7.79E-C)4
4. 1OE-OS
:,07~-@~

5.62E-0~
E.69E-C9
2 3C:-’:

~:~-~~
:,9~:.c5
- ~-~.~,~

1.(32E-C2
“ -.55-04-.
E.3BE-C5
3.19E-OC
5.~7E-07

3.06E-OS
3,Q9E-06

1 .66E-04
2.53E-04
.i,94E-C5
“ .26E-05
13.42E-09
3.61E-06
4,52E-05
EI.65E-04
6.53E-C3
1 .c)6E-C3
2.56E-04
1.27E-07

2. ~-E. .06
6 S5E-05
8.73E-o&
! 6?E-03
- “9E-05-.
- - “c . m.

; 9ii-Gi
?69E-CZ
1 !35E-C?
1 ?Oc -C5
!.84E-03



A!
Al

Al

Al

51

~.

51

S1

F

P

PI-cauct
Neurron
SC 47

v 46

v A7

v La

v 49
v 50
cr 4a
Cr 49
Cr 51
WV, 49
Mn 50
M-1 51
M- 52
Mn 53
Mn 54
?9 52
Fe 53
Fe 55
co 53
co 54

Prgou=t
?wutrcn

;“~.a~q: Prc:an ~nerav
z:, Meb . .-!. ‘~ev tic ~ev cc ~..~v ‘.lEU‘..—.

o. 0. G. 5.8ei -20 :.G5E-; I

o. c. 2.20E-20 7.E8E-09 3.C3E-07
o. 2.C6E-!6 2.31.F-06 2.46E-05 6 60E-05
o. 247F-05 4.S5E-04 1.llE-03 1.79E-03

o. 0. “. 1.OBE-09 E!.32E-08

o. 0. !. 15E-fW 9.24E-06 ~ !3E-05

o. 6.4CE-06 4.52E-05 9.94E-05 ~:30E-04

2.06E-04 2,:.lE-04 3.02E-04 5.53E-04 B.31E-04
o. 7.70:-04 3.91E-03 7.59E-C3 1. lc)E-CJ2
o. 0. 0 2.32E-09 ~-.4HE-07
o. 0 1.32E-cs l,~9E-06 7.61E-L)6
o. 3.C5E-06 765E-05 2 13E-C4
a.89E-06

d.09E-04
‘. ,59E-03 3.63E-03 5.79E-03 .9.05E-03

o. 0. 4.17E-lo 1.07E-07
0. 7,6~E-07

7.OSE-07
1.45E-05 4.47E-05 8,1SE-05

Table 7

Protons on F. Thick-Targat Rad!onucliao Vtalds

Incident vroton Energy
20 M9v 40 MeV 60 MgV

2.60E-0~
aO MeV 100 MeV

1 ,64E-02 --n/c--- --n/c---
0.

--nlc---
1.41E-34 --n/c--- ..~/:..- --n.lc---

0. 5.32E-11 --n/c--- --n/c--- --n/c---
1.63E-14 2.47E-06 --n/c--- --n/c--”
0.

--n/c---
6.66E-07 --n/c--- --~lc--- ;:;;:---

2.16E-11 4,48E-05 --n/c--- ..n,c--- ---

0. 1.43E-07 --n/i--- --n/P--- --n/c---
0. 1.23E-10 --n/c--- -.n,lc-.. --n;c---
7.11E-26 1 ,3SE-05 --n/c--- --n/c-.. ..n,c---

9.14E-19 ~ lBE-04 --n/c--- --n/c--- --n/c---
0. ;IE9E-09 ..nt~.. . --n\c--- -.n,lc.-.

2.97E-15 6 12E-06 ..n/c-.. --n/c--- --~ic---
1,15E-05 6.lEIE-05 --n/c--- .-n/c-.. --n/c---

3.OIE-07 = 7oE-04 ..~,l=... --n/c---
3.31E-04

--~,c---
~:59E-04 --nic--- --n/c--- --Q,c---

1.27E-13 l,BIE-03 --~/c-.. --n/c---
0.

--n;c---
8.75E-06 --n/c--- --n/c--- --3Jc---

1 .60E-05 1 ,E3E-04 --n/c--- --nlc--- --n,jc---
1.27E-03 7,55:-05 -.n,tc.-. --n/c--- --nlc---

0. B.9!E-07 --n/c--- --n;c---
0.

--n/c---
2.59E-06 --n/c--- --n/”c--- .-nlc.-.

Table 8

Prolofis on Co Tn!ck-largot Radlonucliae V!elds

:ncloen? Proton Enerav
2C Uev .IQ Uev 60 Mev go Mev l~G Wev

‘5 2..9-E-02 6.93E-0~
-
--nfc-- .-”,,=-..

1 .94E-06 9,20E-05 3.40E-04 . . “/c. - -

0. 0
--n,c---

6.79E-15 --n/c---
0.

--n/c---
2.BIE-20 1,2SE-07 --n/c--” --n)c---

0. 6 26E-12 1 73E-06 -.n/c--- --n,c-..

c. c). 2.74E-11 .-n,=-.. ..n,c. . .

0. 1 B3E-24 1.94E-09 --n/c---
a c

--m’c---
4 14[-:7 . -c... ..q<P...

o. 0. :, 43E-21 --n/c---
n

-n ,~ - - -
: 1 7-E-14 - - r,, ~ - - - .- ~.c..

i’: o ! 22E-09 --n’c--- --n~c---
0. - c)!E-23 9 !9E-lG --n;c--- --
-, G

nr---
2 46E-26 ,-l,c--- . “c..-

6: 0 4 69E-21 - n;c...

o.

--n,c---
0, ! 77E-10 --n,)=.-.

o.

--n,c---
‘ 35E-19 1 29E-C16 --n:c---

0

-.”~-..

I ‘!E-OEI 6.6-E-05 - - n/c- - - -.

0. : 5@E-G7
n,c---

1 99E-04 --n;c--- --n u--

c1 4 :l!~-!z 9,fJ5E.~)6 -n c- - - -r, ~ --

0. 5 --F-09 5 33[-06 --n/r--- .,, ~

0. ~1 9 ::E.!o .-,, L--- I,.

o ,, E M3E-11 ,, ~.. -r,,

o Q :1 !4E.13 -,,.(--- - ,, ,.

u ,) ,j~[.~,~ 5 24F-!>7 ,,,, ~ - - - rlr.



D.cduc:

Crsl
Cr 55
Cr 56
Mn 50
Mn 57
Mn 52
Mn 53
Mn 5A
Mn 56
Mn 57
Fe 51
Fe 52
Fe 53
Fe 55
Ca 54
co 55
CO 56
co 57
co 513
N1 55
Ni 56
Ni 57

Product
tieutron
Un 51
Un 52
h$n 52
Mn 54
Mn ’56
Mn 5?
Fe 53
Fe 55
Fe 59
Fe 60
co 54
co 55
CO 56
co 51

CO 58
CO 60
CO 61
FJ1 56
t~ 1 57
N! 59
Cu 57
Cu 5e
Cu 59
CIJ 60

vl-~~uc;
tqeuTr3n

c- As
:.~!

‘r 55
c- !5
Lr 57
‘-r 5E
Mn 50
Mr 51

, Mn 52
Mn =.3
mn !,4
u. ‘, 6

0.
0.
0.
0.
0.
8.065-:6
1.51E-09
o.
2.50E-17
o.
0.
c.
5.36E-05
o.
0.
0.
2.74E-06
B.65E-04
o.
0.
0.

3.065-!4
3.77E-10
o.
0.
1.165-07
7.~,E-C5

4,13E-04
3.90E-06
4.45E-06

::
9.52E-07
7.82E-04
o.
2.72E-06
● .05E-04
3.76E-03
5.40E-03
o.
2.2BE-06
J.29E-04

3.?3~-06

8.78E-07
1.61E-12
7.74E-(X
9.OGE-05
!.41E-03
1.49E-03
1.25E-04
2,36E-05
1,04E-14
2.52E-06
1.63E-04
2.05E-03
2, 14E-07
2.6<E-04
1.EOE-03
7. WE-03
6.72E-03
1.22E-08
5.12E-05
6.54E-04

..n,lc-. -

--n/c---
. n/c - - -

--n,,=---

--n/c---
--n/c---
--n/c---
--n/c---
--n,/c---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---

--n) =---

--n,lc---
--n/c---
--n/c---
--n,~c--.

--n,/c---
--nlc---
--n,’c---
--n/f=-.-

--n/c---
--n/c---
--n/’c---
--n/=---

--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---

Tabl. 9

Protons on Ni Thick-Targat Radionucl id. Yields

Incldenr Proton Energv
20 Wev 40 MeV 60 MeV S0 MeV

1 C2E-C3 E.52E-03 --nlc--- --nlc---
6.35E-12
0.

.70E-09
;.
c.
c,
2,29E-21

v.
0,
Z.02E-!l
1 ,24E-04
5,79!.07
9,55E-04

~ 19E-06
~:28E-!8
2.25E.oEI
B.02E-16
~.kEE-OA
2.96E-94
o

2. 10EwO5
8.S8E-09
:.?9E-o~
1.33E-OS
9.15E-!I
1 .39E-OS
3.86E-05
1.79E-04
2.06E-09
2.4SE-08
9,~2E-95

~ .74E-04
1.91E-03
4.84E-03
7.:9E-04
2.08E-05
6.53E-06
7.76E-05
1.74E-C3
1 .E5E-03
9.17k-06

--n/c---
--n$’c---
. . n,’c . - -

-n/c---
-- r,/c---
--nlc---
..~,lc.. .
..n/c---

--nlc---
. - “,C - - .

..n,/c..-

--n/c---
--nic---
--nic---
. .“/= . . .

. n/= . . .

--n/c---
--n/c---
.- n,~~ . . .
. . n/c. . -

--n:c---

-9n/c---
--n/c---
- . f),.= ---

--n/c---
--n/c---
. . n/c- . .
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
--nlc---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
--n/=---
--n/c---

9.5-E-OS
6 59E-07 ;
0, 4

~-c:ors on Cu

--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
..n/c..-
--n,lc.-.

--n/c---
--njc---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c---
--n/c”--
--r./c---
.-n/C---
--n/c---
--n/c---

5~~-@4 --n/c--- ..n,/c-.. --n/c---

99E-O5 --n/c--- --nfc--- --n/C---

66E-O6 --n/’c--- --n/c--- --n/c---

iable !0

nick-7arge7 Rati70r.ucliee Ylelas

:ncldent Prcton E,wrgy
:,; Me,; 43 Meb 60 MeV 8G Mev 105 Mev—.

L 39E-J3 2 f3E-Q2 S.?C!E-02 1.13E-01 l,93E-U~
c c. 6 90E-11 5. S2E-OG 5,6CIE-C5
,. : G~E.C- 5.seE-05 1 .95E-04 4,6eE-04
p 4.(4dE-12 1. !OE-06 E1.eoE-06 2,04E-C5
G 7 52E-10 3 29E-07 1 !OE-06 2.12E-36
0 0 5.OIE-t2 6. !3E-09 2,46E -09
z. o 2.99E-~3 2.2GE-11 5,!?E-10
L Q o. 3.36E-12
(, c

229E-07
1,21E-13 3,93E-oG 5.30E.@5

, r,.. -3[. ‘r. 4 GEE-06 2,20E -04 G “9E-O.I
r> 7.00E-C9 4.C)6E-04 f .137E-03 4 laE-03
o 1 :2E-(?4 ! !5E-07 3. 1oE-c3 6.2!F-I.)3
r, trr,.r. :.-r-~4 1 ogE .r74 y ~r,r J



Mn
Mn
Mn
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
co
co
co
co
co
co
co
co
co
co
co
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Cu
Cu
Cu
Cu
Cu
Cu
cd
CIJ
Cu
Zn
Zn
Zn
Zn
Zn
Zn
Zn
Zn

59
59
60
51
52
53
55
59
60
61
62
52
53
54
55
56
57
58
60
61
62
63
53
54
55
56
57
59
63
55
56
57
58
59
60
61
62
64
c-

57
5a
59
60
61
62
63

V-oduCt.—
Neutron
Ta 179
Ta 180
Ta 182
Ta 183
7a 184
Ta 1E15
h’ ‘~e
k’ 179
w 1191
~! 1E5
R. 1-8
R@ 179
Ra lEO
Re lE1
ke 1E2
Re 183
NW 184

!ncldent P~nron Enera~
20 ‘JeV

—.
40 Mev 6:. MeU 73 MeV ‘fJc Me’.

7.63E-13 4 43E-06 2.19=-05 5,~75-c5
o.

~:
4.2!E-07 :,41E-06

o.
0.
0.
0.
0.
4. I5E-10
o.
4.39E-11
o.
0.
0.
0.
0.
0.
0.
1.82E-10
1. 16E-04
3.41E-05
5.30E-05
o.
c.
o.
0.
0.
0.
0.
6.02E-04
1.38E-09
o.
0.
0.
0.
0.
0.
1.09E-09
7.61E-04
1.78E-04
o.
0.

::
0.
0.
9.22E-06
o.

-.l~~-jd
6.92E-11
o.
c).
o.
4.81E-f3
3.28E-04
2..91E-O5
1.05E-C5
5.22E-19
5.04E-18
o.
0.
0.
6.69E-15
2. 19E-06
5.04E-04
1.74E-03
5.09E-04
3.05E-04
2.64E-Oe
7.71E-09
o.
0.
0.
1,29E-13
1.30E-05
1.35E-03
1.45E-04
o.
0.
0.
0.
5.75E-13
3.55E-05
1.1OE-O3
2.BOE-03
6.23E-c)4
o.
0.
0.
0.
4.64E-14
3.47E-06
3.37E-05
1.50E-04

7.45E-09
1.14E-20
@.
1.50E-09
1 .55E-C5
7.llE-04
1.22E-04
2.57E-05
1.25E-09
1.O2E-10
o.
0.
3.71E-15
4.67E-06
2.22E-04
2.32E-03
4.15E-03
1.12E-03
5.90E-04
1.9SE-06
1.27E-07
o.
0.
2.51E-15
1.08E-06
9.E.4E-05
2.1OE-O3
2.95E-04
o.
0.
0,
1.50E-13
6.laE-06
3.05E-04
1 .99E-03
4.36E-03
1.30E-03
3.
0.
0.
ii.45E-11
6.72E-06
1.22E-05
4.44E-05
2.27E-04

‘ .a3E-07
=:S2E-12
2.56E-11
3.32E-06
1 .395-04
1.40E-C3
.. . :4E-G4
4.06E-C5
3.29E-09
1 .45E-09
o.
1.49E-14
J.E17E-07
5.63E-05
1.OIE-03
4.57E-03
6.42E-03
1.71E-C3
8.56E-04
5.79E-06
3.05E-07
o.
2.63E-14
1.21E-08
S.20E-06
2.41E-04
2.e5E-03
4.59E-04
o.
0.
2.O1E-10
6.9BE-07
3.20E-05
5.63E-04
2.60E-03
5.65E-03
1,70E-03
0.
0.
3.51E-12
1.59E-08
1.25E-07
1 .53E-05
5.33E-OS
2.67E-04

Table 11

Protons on W Thick-Targat Raaionucllda Y191ds

9 6E!E-66
e.59~ .37
2.27E-C9
1.e6E-C9
2.21E-05
3.8BE-04
2.25EJ-~
3.22E-04
5,49E-(35
1 .,08E-O;
3.76E-09
3.46:-16
3.39E-09
4.~OE-06
2.06E-04
2.02E-03
6.6EE-03
6.47E-03
2.21E-03
1.07E-03
9.23E-06
4.97E-07
2.39E-17
7.76E-!l
1.59E-07
I,81E-05
3.59E-04
3.47E-03
6.OIE-04
8.27E-25
4.3eE-13
“1.58E-08
3.46E-G6
4.75E-05
E. 1OE-O4
3. 16E-O?
6.91E-03
2.15E-03
2.03E-16
6.12E-!5
1.84E-lG
4.37E-00
1.60E-D7
1.90E-05
6.00E-05
2.9a5-04

Incidnnt Proton Energy
20 MaV 40 MoV 60 MeV ao MeV 100 MeV

5.lIE-03 4,45E-G2 -: --n/c--- --n,c---

0. 6.75E-09 ..n/~..- --nlc--- --n/c---
3.711E-27 1.13E-07 --n/c--- ..n/c.-. --n/c---
1.12E-12 5.2uE-oa --n/c--- --n/c--- -.n/c..-

8.42!-?3 3.B4E-OB --n/c--- --n/c--- --n/~---
1.80E-24 1.61E-09 -.n,,~... --nlc--- --nlc---
1.19E-13 1 .57E-oa --n/c---
C)n

--n/c---
?, 19E-O.,

--n/c---
--nlc--- --n/c--- --n/c-..

0. 5.26E-05 --r~/c--- . .n,c - - - --n,’c---
6.aoE-06 5.OIE-04 --nlc--- --n/c--- --l-ltc---
E.34E-06 2.53E-04 --n,lc--- ..n;c... --n/c---
0. 1.61E-06 --n/c--- . - “,,c . - - -.n,c...

o. 7.22E-04 --n/c--- .-n/c--- .-n/c...

4.34E-C9 l,77E-03 --n/c--- --n,.c--- --nlc---
4.agE-04 3.32E-03 --n/c--- --n/c--- --n/c---
5.39E-04 2 e5E-03 --n/c--- --nlc--- --> ~-...

7.92E-04 1 eeE-03 -.nic--- --n/c--- --,, r

2. 44E-04 i162E-03 --nlc--- --l?/c--- --n/c---



0s !91
0s 133
0s :94
0s 155
If !S2
!r :94
,: ~ . :5

ir !9:
Ir 197
!r 19E
Pt 193
Pt :97
Pt 199
Pt 200
Pt 201
Au 194
AU 195
Au 196
Au :98
Au 199
Au 200
Au 201
Au 202
AU 2C3
Hg 135
Hg 137
l+g 203
Hg 295
big 236
T1 136
T1 !37
T1 190
Ti 199
T1 ~oQ

T1 201
T1 202
T1 204
T1 206
TI 207
PtJ 198
Pb 199
Pb 200
PD 201
PD 202
PD 203
Pb 2C5
61 195
6i 200
01 201
51 232
BI 223
Bi 20A
EIi 205
EII 206
B\ 207

Proaucy

Neuiron
0s !94

0s 195
lr 195
lr 196
Ir 1’37
!r 19S
Pt !97

0.
0.
0.
0.
0.
0.
3.86E-26
1.27E-16
1.53E-12
G.
o.
0.
7.32E-16
3.35E-11

0.
0.
4.99E-12
8.90E-11
3.EOE-07
9.24E-06
7.08E- 113
1.56E-12
oh
o.
1.B2E-05
7.8EE-25
2.48E-!9
o. .
0. ‘
o.
0.
0.
0.
4.33E-09
2. 15E-04
1.17E-11
7.42E-’5
o.
0.
0.
0.
0.
0.
2.20E-09
o.
0.
0.
0.
0.
on
o.
4.56E-12
1.65E-06

G.
5.e7E-22
1.14E-19
8.57E-16
0.
8.255-13
1.3?E-10
4.15E-10
9.27Z-10
9.51E-17
o.
5.27E-12
1.lBE-OP
1.OIE-07
1.OIE-16
o.
0.
8.59E-12
4.66E-06
1.64E-05
2.74E-05
4.47E-05
1.58E-09
6.75E-08
o.
0.
4.08E-04
6.20E-14
9.2SE-12

::
0.
1.65E-10
3.44E-05
2.23E-03
4.24E-03
6.32E-04
5.92E-OB
3.31E-08
o.
0.
0.
0.
4.7QE-12
1.93E-07
7.73E-04
o.
0.
0.
0.
0.
1.44E-11
5.02E-06
6.22E-06
5.76E-06

1.OIE-20
4.39E-:3
3.68E-12
1.6SE-12
1.90E-11
6.79E-39
B.5HE-09
5.00E-09
2.53E-09
1.63E-12
9.41E-23
?.32E-07
“.08E-07
2.81E-07
5.68E-12
4.45E-12
3.91E-06
1.39E-05
3.07E-05
5.13E-05
5.06E-05
5.39E-05
1 .72E-08
2.48E-07
o.
9.65E-12
1 .07E-03
3.05E-12
7.BIE-11
o.
7.68E-11
3. 17E-05
2.27E-03
5.02E-03
6.37E-03
5.38E-03
1. IOE-C)3
1.72E-07
1 .05E-07
o.
0.
1.37E-!l
3.48E-07
3.llE-04
1 ,24E-03
9.27E-04
o.
0!
5.B4E-15
7.07E-C9
2.75:-06
6.57E-06
f .4LJE-05
7,E1E-06
7.67E-06

7,:3E-12

1,66E-10
l~46E-10
1.44E-11
4.76E-08
5.55E-oa
:,69F-39

9.!2E-09
3.!2E-09
1,33E-11
2.40E-09
9.32E-07
2.31E-07
1.22E-06
3.41E-11
1.67E-05
7.77E-05
6.22E-05
5.09E-05
6.79E-05
5.83E-05
5.EIOE-05
3.97E-08
4.31E-07
8.15E-12
0.57E-05
1.74E-03
13.0~-12
1.64E-10
5.59E-06
1.325-03
3.90E-03
7.73E-03
6.e4E-03
7.69E-03
6.29E-03
1.61E-03
2.705-07
2.05E-01
4.82E-13
1.26E-07
2.44E-04
9.05E-04
1. 1OE-O3
1.67E-03
1.05E-03
1.88E-12
4.36E-tO
1.S3E-06
2.67E-oC
1,14E-05
9.32E-06
1 .66E-05
8,97E-06
9.62E-06

Table 13

Protons on BI Ttllck-Target Raulonucllde v!elas

.
Incidsn? Droton Enerqv

20 Mev 40 Mev 60 MeV mu Mev
3 45E-03 3.55E-02 1.09E-01 2.24L-01
3.14E-lB 7.62E-14 1.55E-11 9 90E-l!
o. 1.64E-23 3.13E-14 2.27E-11
c. 7.94E-16 3.76E-06 2. 18E-06
o. 1.63E-13 1.37E-08 z13E-07
2.OgE-19 1.97E-!2 ~,715E-139 2.EIOE-C)’
0. 4. :7E-~4 1.02E-11
6.ef)E-12

~,u~E-,

5.37E-OE 9.50E-07 ~,o~E.(,.

3.6.5E-C9
1 3~E-,39

5.O5E-10
~,995. :1

4,48E-G7
9.34E-08
3.73E-09
1.13E-oa
S.64E-39
2,73E-11
2.32E-06
1.83E-06
4.37E-07
2.07E-06
5.99E-11
1 .25E-04
1 .72E-Q4
8.79E-05
6.04E-05
8.07E-05
6.47E-05
13. IOE-05
6.52E-OS
5.79E-07
7.49E-Q5
6.61E-Q4
2.43E-03
1.54E-11
2.37E-10
2.50E-03
6.40E-03
6.32E-03
9.56E-03
7.86E-03
8.82E-03
7. 14E-Q3
2. 1OE-O3
3.83E-07
3.13E-07
4.23E-06
ci.58E-04
:.35E-03
1.61E-03
1.36E-03
1 .B8E-03
1. 16E-03
5.04E-04
1.63E-06
1 .09E-05
6,e5E-06
1.45E-05
1.Q7E-05
1,79E-05
1 .00E-c5
1.16E05



Table !3 (COntlnued)

Pt 200
Pt 201
Au 198
AU 199
Au 200
Au 2C11
AU 202
Au :.~~

AU 2C)4
Hg 2G3
@ 205

Hg 206
T1 199
T1 200
T1 201
T1 202
Ti 204 .
T1 206
T1 207
Pb 200
Pb 201
Pb 202
Pb 203
Pb 205
B! 202
S1 203
El 204
Bi 205
Bi 206
g~ ~(37

Et :Oa
Po 203
PO 20A
PO 205
PO 206

Pc 207

Po 20B

Incident Proton Enerqv
2C Mev 40 Mev.— 60 Meu 80 Mev 100 Meb.—

0. 1.llE-13
——
1.64E-09 2.22E-Ofl 5.18E-CS

9.88E-20
0.
0.
8.22E-19
7,78E-!O
1.77E-@9
0.
0.
0.
6,64E-13
0.
0.
0.
0.
0,
0,
1.005-05
2.45E-22
2.94E-14
o.
0.
0.
2.27E-04
2.47E-O~F
0.
0.
0.
n,
‘I .34E-07
7.35E-05
5.54E-05
o.
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